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TifLE OF THE INVENTION 
Method of Differentiating Beer Yeast 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method of 
differentiating bottom- fermenting yeast 
(bottom-fermenting yeast for brewering) and wild yeast. 
Related Background Art 

In the process of brewing of alcoholic malt beverages 
(beer, low-malt beer and the like) , inclusion of wild yeast 
not used for brewing, such as Hansenula, Brettanomyces and 
Candida, or Saccharorayces strains not used as brewing 
yeasts, results in inferior aroma characteristics of the 
15 alcoholic malt beverages, and in some cases causes clouding 

or off-flavor. 

It is therefore important, from the standpoint of 
maintaining and controlling the yeast fermentation 
properties and the aroma characteristics of alcoholic malt 
20 beverages, to rapidly differentiate whether or not yeast 

detected in the process of brewing of alcoholic malt 
beverages is bottom-fermenting yeast. - 

Identification of yeast has in the past been 
accomplished by traditional physiological, biochemical 
25 and morphologica.l methods, but most of these have lacked 

speed and accuracy. Bottom- fermenting yeast is often 
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classified as belonging to the genus Saccharomyces 
(presently classified as Saccharomyces pastorianus) , and 
it has been difficult to differentiate this 
bottom- fermenting yeast from other Saccharomyces yeast 
strains which are not bottom-fermenting yeast, such as 
Saccharomyces cerevisiae, Saccharomyces bayanus and 
Saccharomyces diastaticus, using the existing traditional 
methods . 

In order to solve this problem, Japanese Patent 
Application Laid-Open Gazette No. HEI . 11-56366 discloses 
a method of differentiating brewer's yeast from 
non-brewer's yeast by using the PGR method for detection 
of sequence repeats of the FLOl gene of Saccharomyces. 
However, it has been reported that the repeating sequences 
of the FLOl gene and Lg-FLOl gene are extremely unstable 
(Yeast, 10:211-225, 1994, J. Bacterid. 180 (24) : 6503-6510, 
1998) , and in some cases the sequence repeats are completely 
dropped. The method described in Japanese Patent 
Application Laid-Open Gazette No. HEI. 11-56366 has 
therefore been associated with the problem whereby even 
bottom- fermenting yeast is mistakenly identified as wild 
yeast . 

SUMMARY OF THE INVENTION 

It is an object of- the present invention, which has 
been accomplished in light of the problems of the prior 
art, to provide a method of differentiating between 
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bottom-fermenting yeast and wild yeast with a high degree 
of accuracy. 

As a result of much diligent research directed toward 
achieving this object, the present inventors have completed 
5 the present invention upon finding that it is possible to 

differentiate between bottom-fermenting yeast and wild 
yeast with a high degree of accuracy by using a primer set 
,. capable of amplifying the linker portion between a base 

. sequence (A) and a base sequence (B) in a novel yeast gene 

fj: 10 (C) which includes base sequence (A) comprising a portion 

fy: of the N-terminal end of gene Lg-FLOl and base sequence 

(B) comprising yeast gene YIL169c. 
CI The method of differentiating beer yeast accordinq 

PJ : 

C«| to the invention is a method which comprises a first step 

O 15 of synthesizing a primer capable of amplifying the linker 



portion between a base sequence (A) and a base sequence 
(B) in a novel gene (C) which has the base sequence (B) 
comprising a portion of yeast chromosome IX linked 
downstream from the base sequence (A) comprising a portion 
of the N-terminal end of yeast gene Lg-FLOl, and which 
includes the base sequences listed as SEQ. ID. Nos . 1-6 
of the Sequence Listing; a second step of carrying out a 
PGR (Polymerase Chain Reaction) using the primer 
synthesized in the first step and DNA separated from a yeast 
specimen; and a third step of differentiating whether the 
yeast is bottom-fermenting yeast or wild yeast, based on 
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the PGR amplification product obtained from the second 
step. 

The primer used here is preferably a pair of primers 
including respectively the base sequences listed as SEQ. 
ID. No. 7 and No . 8 of the Sequence Listing. 

The base sequences of the primers may have one or more 
base substitutions, deletions or insertions, and the 
primers preferably function as primers for PGR. 

The method of differentiating beer yeast according 
to the invention is also a method which comprises a first 
step of synthesizing a primer capable of amplifying a 
portion of a base sequence (A) in a novel gene (C) which 
has a base sequence (B) comprising a portion of yeast 
chromosome IX linked downstream from the base sequence (A) 
comprising a portion of the N-terminal end of yeast gene 
Lg-FLOl, and which includes the base sequences listed as 
SEQ. ID. Nos. 1-6 of the Sequence Listing; a second step 
of carrying out a PGR (Polymerase Ghain Reaction) using 
the primer synthesized in the first step and DNA separated 
from a yeast specimen; and a third step of differentiating 
whether the yeast is bottom-fermenting yeast or wild yeast, 
based on the PGR amplification product obtained from the 
second step. 

The primer used here is preferably a pair of primers 
including respectively the base sequences listed as SEQ. 
ID. No. 9 and No. 10 of the Sequence Listing. 
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The base sequences of these primers may also have one 
or more base substitutions, deletions or insertions, and 
the primers preferably function as primers for PGR. 

The present invention will become more fully 
understood from the detailed description given hereinbelow 
and the accompanying drawings which are given by way of 
illustration only, and thus are not to be considered as 
limiting the present invention. 

Further scope of applicability of the present 
invention will become apparent from the detailed 
description given hereinafter. However, it should be 
understood that the detailed description and specific 
examples, while indicating preferred embodiments of the 
invention, are given by way of illustration only, since 
various changes and modifications within the spirit and 
scope of the invention will become apparent to those skilled 
in the art from this detailed description. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an electrophoresis photograph for 
differentiation between bottom- fermenting yeast and wild 
yeast using primers having the base sequences listed as 
SEQ. ID. Nos. 10 and 11. 

Fig. 2 is an autoradiogram showing the results of 
Northern analysis of the Lg-FLOl analogue gene. 

Fig. 3 is an autoradiogram showing the results of 
Southern analysis of the Lg-FLOl analogue gene. 
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Fig. 4 is a schematic suminary illustration of inverse 

PGR. 

Fig. 5 is an electrophoresis photograph of the 
Lg-FLOl analogue gene obtained by inverse PGR. 

Fig. 6 is a schematic restriction enzyme map for the 
Lg-FLOl analogue gene. 

Fig. 7 is a schematic illustration showing the 
location of the YIL169c gene on the Lg-FLOl analogue gene. 

Fig. 8 is an electrophoresis photograph for 
differentiation between bottom-fermenting yeast and wild 
yeast using primers having the base sequences listed as 
SEQ. ID. Nos. 6 and 7, 

Fig. "9 is an electrophoresis photograph for 
differentiation between bottom-fermenting yeast and wild 
yeast using primers having the base sequences listed- as 
SEQ. ID. Nos. 8 and 9. 

DESGRIPTIQN OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the invention will now be 
explained in detail. 

The following explanation concerns a first 
embodiment of the invention. 

The method of differentiating beer yeast according 
to the first embodiment of the invention is a method which 
comprises a first step of synthesizing a primer capable 
of amplifying the linker portion between a base sequence 
(A) and a base sequence (B) in a novel gene (C) which has 
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the' base sequence (B) comprising a portion of yeast 
chromosome IX linked downstream from the base sequence (A) 
comprising a portion of the N-terminal end of yeast gene 
Lg-FLOl, and which includes the base sequences listed as 
SEQ. ID. Nos. 1-6 of the Sequence Listing; a second step 
of carrying out a PGR (Polymerase Chain Reaction) using 
the primer synthesized in the first step and DNA separated 
from a yeast specimen; and a third step of differentiating 
whether the yeast is bottom- fermenting yeast or wild yeast, 
based on the PGR amplification product obtained from the 
second step. 

The first step according to the first embodiment of 
the invention will now be explained. 

The first step according to the invention is a step 
of synthesizing a primer set capable of amplifying the 
linker portion between a base sequence (A) and a base 
sequence (B) in a novel gene (G) which has the base sequence 
(B) comprising a portion of yeast chromosome IX linke'd 
downstream from the base sequence (A) comprising a portion 
of the N-terminal end of yeast gene Lg-FLOl, and which 
includes the base sequences listed as SEQ. ID. Nos. 1-6 
of the Sequence Listing. 

Base sequence (A) according to the invention 
comprises a portion of the N-terminal end of yeast gene 
Lg-FLOl. Yeast gene Lg-FLOl has been reported as a gene 
coding for protein Lg-FLOl having the function of imparting 
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a flocculating property to yeast (Japanese Patent 
Application Laid-Open Gazette No. HEI. 8-266287) . 

The N-terminal portion of the Lg-FLOl gene has been 
reported as a region which contributes the property whereby 
yeast flocculation is inhibited by sugars such as maltose 
and glucose (J. Bacterid. 180 (24 ): 6503-6510, 1998). 

Flocculation is the property whereby yeast dispersed 
during the process of fermentation aggregate and adhere 
and bind to each other at the cell surfaces, forming flock. 
Some strains of bottom-fermenting yeast have a property 
whereby the cells flocculate in the fermentation solution 
and precipitate, allowing them to be easily and rapidly 
separated from the solution, while other strains have a 
property whereby they tend not to flocculate, resulting 
in their dispersion and suspension for relatively long 
periods. The former are referred to as "flocculent strain 
(flocculent yeast) " while the latter are referred to as 
"non-f locculent strain (non-f locculent yeast)". 

Base sequence (B) according to the invention will now 
be explained. 

Base sequence (B) according to the invention is a base 
sequence comprising a portion of yeast chromosome IX, and 
it includes the base sequence of yeast gene YIL169c. Yeast 
gene YIL169c has high base sequence homology with the glucan 
1, 4-alpha-glucosidase gene, but its detailed function is 
still unknown. 
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The novel gene of the invention includes these base 
sequences (A) and (B) , and also includes the base sequences 
listed as SEQ. ID. Nos . 1-6 of the Sequence Listing. The 
base sequences listed as SEQ. ID. Nos. 1-6 of the Sequence 
Listing correspond to 21340-21818 bp (SEQ. ID. No.l), 
21743-22190 bp (SEQ. ID. No. 2), 22353-22865 bp (SEQ. ID. 
No-3) , 2292 6-23398 bp (SEQ. ID. No . 4 ) , 23944-24219 bp (SEQ. 
ID. No. 5) and 24408-24997 bp (SEQ. ID. No. 6), respectively, 
from the left telomere end of chromosome IX of Saccharomyces 
cerevisiae. Each of these sequences differs in about 1-20 
bases when compared with the base sequence of chromosome 
IX of Saccharomyces cerevisiae found in the data base, but 
the differences are believed to be due to genetic 
polymorphisms between the yeast strains or errors in 
determining the base sequences, and the genes are 
substantially identical . Consequently, the novel gene (C) 
according to the invention not only includes the exact base 
sequences listed as SEQ. ID. Nos. 1-6 of the Sequence 
Listing but also base sequences that differ from the 
sequences listed, as SEQ. ID. Nos. 1-6 of the Sequence 
Listing within a range in which they may still be considered 
substantially the same gene. Specifically, genes 
differing. in 1-20 bases for each base sequence among the 
base sequences including SEQ. ID. Nos. 1-6 may be considered 
substantially identical to genes which include SEQ. ID. 
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Thus, the novel gene of the invention is a gene having 
a total length of 9.4 kbp as seen in Fig, 5, and having 
a structure wherein a base sequence comprising a portion 
of Saccharomyces cerevisiae chromosome IX is linked 
5 downstream from base sequence (A) comprising a portion of 

the yeast gene Lg-FLOl. It is the belief of the present 
inventors that the bottom-fermenting yeast according to 

¥> the invention undergoes genomic DNA recombination when the 

Q' ■ 

P strain is established, resulting in linkage between a 

fli 

■H 10 ■ portion of the Lg-FLOl gene and a portion of chromosome 

H 

JS IX to produce a gene having the base sequence of the novel 

¥^ 

s gene (C) . 

C3 • 

Pi Since the aforementioned novel gene has a structure 

%l wherein base sequence (B) comprising a portion of 

■ 'Q: ■ ■ ■ ■ 

pj 15 Saccharomyces cerevisiae chromosome IX is linked 

downstream from base sequence (A) comprising a portion of 
gene Lg-FLOl, as explained above, the "linker portion 
between a base sequence (A) and a base sequence (B) " in 
the novel gene is the linker portion between base sequence 
20 (A) and base sequence (B) produced as the result. 

The primer set of the invention is selected at 
locations which allow this linkage site to be amplified 
by PGR. That is, one of the primers of the primer set is 
selected in the sense direction on base sequence (A) of 
25 the novel gene (C) while the other primer of the primer 

set is selected in the antisense direction on base sequence 
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(B)' of the novel gene. 

The number of bases of each of the primers is not 
particularly restricted, but is preferably 10-50 bp and 
more preferably 15-30 bp. The sequence of each is also not 
5 particularly restricted, but preferably the primer in the 

sense direction on the Lg-FLOl gene is 

5'-GGAa.TACTGCCTCTTGGAGT-3' (SEQ, ID. No. 7) and the primer 

t!! in the antisense direction on chromosome IX is 

& 

5 5'-GGATTCTTCAGCGTTGAAGT-3' (SEQ. ID. No. 8). 

i'! 10 The primer set according to the invention is 

^ preferably a primer set composed of primers- having base 
sequences including the base sequences of the primers of 

W - SEQ. ID. Nos. 7 and 8. Specifically, the primers may also 

SI include, for example, restriction enzyme recognition 

Q; ■ . 

W 15 sequences in consideration of subsequent cloning of the 

amplification product. 

So long as the primers have the function as primers 
for PGR, the primer set may consist of primers with one 
or more substitutions, deletions or insertions. Here, 
20 "function as primers for PGR" means that they are capable 

of functioning as primers for PGR using the aforementioned 
novel gene (C) as the template. That is, there are no 
particular restrictions on the base sequences so long as 
the primers are able to anneal to the novel gene under 
25 ordinary PGR conditions. 

In the first step according to the invention, such 
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primers may be synthesized with a DNA synthesizer or the 
like. 

The second step according to the first embodiment of 
the invention will now be explained. 
5 The second step according to the invention is a step 

of carrying out a PGR (Polymerase Chain Reaction) using 
the primer set synthesized in the first step and DNA 
separated from a yeast specimen. 
P' There are no particular restrictions on the method 

10 of extracting the DNA from the yeast specimen, and any 

PJ 

publicly known method may be used for extraction. 
J Specifically, cultured yeast cells may be collected by 

Pi ■ centrifugal separation and the DNA extracted from the veast 

M by following the procedure of Holm et al . (Gene, 42 : 169-173 

o 

PJ 15 1986) , 

_ In the second step of the invention, the extracted 
DNA is used as the template for PGR using the primers 
synthesized in the first step. The PGR may be carried out 
according to a publicly known protocol, and for example, 
20 the protocol described in FEMS Microbiol. Lett., Vol.108, 

p. 259-264 (1993) maybe followed. The PGR conditions may 
be appropriately set according to the Tm (melting 
temperature) of the primers used, but the conditions are 
preferably a denaturation temperature of 90-98 °G, an 
25 annealing temperature of 40-75 °G and an extension 

temperature of 65-75°G, with 10 or more cycles . Preferably, 
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the denaturation temperature is maintained for 10 seconds 
to 2 minutes, the annealing temperature is maintained for 
20 seconds to 2 minutes and the extension temperature is 
maintained for 1-20 minutes. 
5 The third step according to the first embodiment of 

the invention will now be explained. 

The third step according to the invention is a step 
of differentiating whether the yeast is bottom- fermenting 



yeast or wild yeast, based on the PGR amplification product 



10 obtained in the second step. 
^ There are no particular restrictions on the method 

J,, of differentiating whether the yeast is bottom-fermenting 

W , yeast or wild yeast based on the PGR product obtained in 

cr 

the second .step, and for example, a portion of the PGR 
flj 15 amplification product may be subjected to agarose gel 

electrophoresis and the presence or absence of the detected 
amplified fragments used to judge whether or not the yeast 
is bottom-fermenting yeast. Specifically, when a primer 
set having the nucleic acid sequences of SEQ, ID. Nos. 7 
20 and 8, for example, is used for the PGR, an amplified band 

will be detected if the yeast specimen is bottom- fermenting 
yeast, but no band will be detected if the yeast is wild 
yeast . 

Thus, the method according to the first embodiment 
.25 of the invention allows detection of bottom-fermenting 

yeast irrespective of differences in bottom-fermenting 
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yeast strains or the degree of flocculation of the 
bottom- fermenting yeast. 

The following explanation concerns a second 
embodiment of the invention. 

The method of differentiating beer yeast according 
to the second embodiment of the invention is a method which 
comprises a first step of synthesizing a primer capable 
of amplifying a portion of base sequence (A) in a novel 
gene (C) which has base sequence (B) comprising a portion 
of yeast chromosome IX linked downstream from base sequence 
(A) comprising a portion of the N-terminal end of yeast 
gene Lg-FLOl, and which includes the base sequences listed 
as SEQ. ID. Nos. 1-6 of the Sequence Listing; a second step 
of carrying out a PGR (Polymerase Chain Reaction) using 
the primer synthesized in the first step and DNA separated 
from a yeast specimen; and a third step of differentiating 
whether the yeast is bottom-fermenting yeast or wild yeast, 
based on the PGR amplification product obtained from the 
second step. 

The first step according to the second embodiment of 
the invention will now be explained. 

The first step is a step of synthesizing a primer set 
capable of amplifying a portion of base sequence (A) in 
a novel gene (C) which has base sequence (B) comprising 
a portion of yeast chromosome IX linked downstream from 
base sequence (A) comprising a portion of the N-terminal 
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end of yeast gene Lg-FLOl, and which includes the base 
sequences listed as SEQ. ID. Nos. 1-6 of the Sequence 
Listing. 

Here, the novel gene (C) is the same gene as the novel 
gene (C) according to the first embodiment of the invention. 

In this step there is synthesized a primer set which 
is capable of amplifying a portion of base sequence (A) 
of the novel gene. While there are no particular 
restrictions on the number of bases of "a portion of base 
sequence (A)", it is preferably 50-20,000 bp and more 
preferably 100-10,000 bp. 

The niimber of bases of each of the primers is not 
particularly restricted, but is preferably 10-50 bp and 
more preferably 15-30 bp. The sequence of each is also not 
particularly restricted, but preferably the primer in the 
sense direction is 5 ' -AACGTAGCATCAGGAAGTACACAAGCATGC-3 ' 
(SEQ. ID. No. 9) and the primer in the antisense direction 
is 5'-GATCGGGTAATAGTAACCGGCGTACATGTA-3' {SEQ. ID. 
No. 10) . 

The primer set according to the invention is 
preferably a primer set composed of primers having base 
sequences including the base sequences of the primers of 
SEQ. ID. Nos. 9 and 10. Specifically, the primers may 
contain, for example, restriction enzyme recognition 
sequences in consideration of subsequent cloning of the 
amplification product. 
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So long as the primers have the function as primers 
for PGR, the primer set may consist of primers with one 
or more substitutions, deletions or insertions. Here, 
"function as primers for PGR" means that they are capable 
of functioning as primers for PGR using the aforementioned 
novel gene (G) as the template- That is, there are no 
particular restrictions on the base sequences so long as 
the primers are able to anneal to the novel gene under 
ordinary PGR conditions . 

In the first step according to the invention, such 
primers may be synthesized with a DNA synthesizer or the 
like. 

The second step according to the second embodiment 
of the invention is a step of carrying out a PGR (Polymerase 
Ghain Reaction) using the primers synthesized in the first 
step and DNA separated from a yeast specimen. 

There are no particular restrictions on the method 
of extracting the DNA from the yeast specimen, and any 
publicly known method may be used for extraction- 
Specifically, cultured yeast cells may be collected by 
centrifugal separation and the DNA extracted from the yeast 
by following the procedure of Holm et al . (Gene, 42:169-173, 
1986) . 

In the second step of the invention, the extracted 
DNA is used as the template for PGR using the primers 
synthesized in the first step. The PGR may be carried out 
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according to a publicly known protocol, and for example, 
the protocol described in FEMS Microbiol. Lett., Vol.108, 
p. 259-264 (1993) may be used. The PGR conditions may be 
appropriately set according to the Tm of the primers used, 
but the conditions are preferably a denaturation 
temperature of 90-98 °C, an annealing temperature of 40-75°C 
and an extension temperature of 65-75 °C, with 10 or more 
cycles. Preferably, the denaturation temperature is 
maintained for 10 seconds to 2 minutes, the annealing 
temperature is maintained for 20 seconds to 2 minutes and 
the extension temperature is maintained for 1-20 minutes. 

The third step according to the second embodiment of 
the invention will now be explained. 

The third step according to the invention is a step 
of differentiating whether the yeast is bottom- fermenting 
yeast or wild yeast, based on the PGR amplification product 
obtained in the second step. 

There are no particular restrictions on the method 
of differentiating whether the yeast is bottom- fermenting 
yeast or wild yeast based on the PGR product obtained in 
the second step, and for example, , a portion of the PGR 
amplification product may be subjected to agarose gel 
electrophoresis and the presence or absence of the detected 
amplified fragments used to judge whether or not the yeast 
is bottom-fermenting yeast. Specifically, when a primer 
set having the nucleic acid sequences of SEQ. ID. Nos . 9 
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and 10, for example, is used for the PGR, an amplified band 
will be detected if the yeast specimen is bottom-fermenting 
yeast, but no band will be detected if the yeast is wild 
yeast . 

Thus, the method according to the second embodiment 
of the invention allows detection of bottom- fermenting 
yeast irrespective of differences in bottom- fermenting 
yeast strains or the degree of flocculation of the 
bottom- fermenting yeast. 
[Examples] 

The present invention will now be explained in detail 
by way of examples and comparative examples, with the 
understanding that the invention is in no way limited by 
the examples. 
Comparative Example 1 

(Differentiation of bottom- fermenting yeast based on 
Lg-FLOl gene) 

The following experiment was conducted for 
differentiation between bottom- fermenting yeast and wild 
yeast . 

Extraction of the total DNA was accomplished by 
culturing 10 strains of bottom- fermenting yeast and 6 
strains of wild yeast in 10 ml of YEPD medium (1% yeast 
extract, 2% bactopeptone, 2% glucose) each at 20°C until 
the stationary phase, collecting the cells by centrifugal 
separation, and then following the procedure of Holm et 
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al. (Gene, 42:169-173, 1986). 

The PGR was carried out in the following manner. The 
two primers 5 ' -GGAATACTGCCTCTTGGAGT-3 ' (SEQ. ID. No. 11) 
and 5'-TTACCATACGATTGCCAGCA-3 • (SEQ. ID. No. 12) were 
synthesized based on the Lg-FLOl gene base sequence 
reported by Kobayashi et al. (J. Bacteriol . 180(24) 
6503-6510, 1998) . This set of primers was used for PGR 
using the total DNA of the yeasts shown in Table 1 as the 
templates. Nos . 1-16 in Table 1 correspond to the lane 
numbers in Fig. 1. 
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a 

Q 
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Name of strain 


Flocculating 


Name of strain 


(bottom- 


property 


(wild yeast) 


fermenting yeast) 


evaluation 




1: NGYG965 


FO 


11: Saccharomyces cerevisiae 


2: NGYG1324 


FO 


(ATGG 46967) 


3: W204 


FO 


12: Saccharomyces 


4: W71 


Fl 


diastaticus 


5: AJL312 6 


Fl 


13: Pichia (IFO 0035) 


6: NCYC512 


F2 


14: Saccharomyces bayanus 


7: NGYG719 


F2 


(IFO 0676) 


8: NGYG1250 


F2 


15: Candida albicans 


9: VLB202 


F2 


(ATGG 10259) 


10: VLB He Bru 


F2 


16: Saccharomyces uvarum. 






(ATGG 44968) 
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The PGR conditions were 94 °C for 1 minute followed 
by 98 °C for 20 seconds and 68 °C for 3 minutes, repeated 
for 30 cycles. The total amount of template DNA added to 
the PGR reaction system was 0.5-1 ]ig for each, in 
consideration of reproducibility of the test. A portion 
of the reaction product was then subjected to 
electrophoresis in 1% agarose, and judgment of the yeast 
as bottom-fermenting yeast was based on the presence or 
absence of amplification, or the band size. 

The degree of flocculation of each of the 
bottom-fermenting yeasts was evaluated in the following 
manner. A 0.6 g portion of the yeast collected by 
centrifugal separation after completion of fermentation 
was suspended in 20 ml of tap water. One milliliter of a 
0.5 M acetate buffer solution (pH 4.5) containing 1500 ppm 
calcium ion was added to 9 ml of the yeast suspension, the 
mixture was manually shaken in a vertical manner and the 
degree of flocculation was visually judged on a 3-level 
scale. The scale was as follows: FO = No flocculation, Fl 
= Weak flocculation, F2 = Ordinary flocculation, F3 = Strong 
flocculation. 

As shown in Fig. 1, this method did not allow 
detection of some types of bottom-fermenting yeast, 
particularly strains with weak or no flocculation (FO or 
Fl) , and therefore it could not be differentiated whether 
or not those strains were bottom-fermenting yeast. 
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Example 1 

(Obtaining novel fused gene containing a portion of Lg-FLOl 
gene N-terminal end, and partial deteirmination of base 
sequence) 

Flocculating genes according to flocculent strains 
and non-f locculent strains of bottom- fermenting yeast were 
subjected to Nothern and Southern analysis. Extraction 
and electrophoresis of the total RNA were carried out after 
culturing of flocculent and non-f locculent 
bottom- fermenting yeast in the same manner as Comparative 
Example 1, according to the method of Schmitt et al . 
(Nucleic Acids Research, 18(10) : 3091, 1990) . The RNA in 
the gel after electrophoresis was subjected to blotting 
using a Hyb6nd-N+ (product of Amer sham-Pharmacia Biotech, 
KK.), according to the included protocol. 

For Southern analysis, total DNA extracted in the 
same manner as Comparative Example 1 was digested with 
restriction enzyme Hindlll (Takara Shuzo Co., Ltd.) and 
then electrophoresed with 1% agarose gel and subjected to 
blotting with Hybond-N+ (product of Amer sham- Pharmacia 
Biotech, KK.) . Extraction of the RNA or DNA was 
accomplished using a DIG system (Roche) . 

The Lg-FLOl and FLOl partial DNA fragments used as 
probes were prepared in the following manner. The two 
primers 5 ' -AACGTAGCATCAGGAAGTACACAAGCATGC-3 ' (SEQ. ID. 
No. 9) and 5 ' -GATCGGGTAATAGTAACCGGCGTACATGTA-3 ' (SEQ. ID- 
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No, 10) were synthesized based on the Lg-FLOl N-terminal 
base sequence reported by Kobayashi et al. (J. Bacterid. 
180(24) 6503-6510, 1998). These primers were used for PGR 
using the total DNA of the flocculent bottom-fermenting 
yeasts as the templates. Separately, the two primers 
5'-TTCCAACCAGTAGTTCCACC-3' (SEQ. ID. No. 13) and 
5 ' -GGTCGCGGAAGCCGTCTGTG-3 • (SEQ. ID. No. 14) were 
synthesized based on the FLOl C-terminal base sequence 
reported by Watari et al . (Yeast, 10:211-225, 1994). These 
primers were used for PGR in the same manner. The PGR 
conditions were the same as in Comparative Example 1. 

The obtained DNA fragments were labeled according to 
the protocol for the DIG system (Roche) and subjected to 
Northern and Southern analysis. 

Upon Northern analysis, as shown in Fig. 2, a signal 
was also detected at a slightly lower molecular weight than 
that of the Lg-FLOl gene for both the flocculent strains 
and the non- flocculent strains, when the Lg-FLOl N-terminal 
portion was used as the probe. This gene was designated 
as the Lg-FLOl analogue gene. When the FLOl C-terminal 
portion was used as the probe, only the Lg-FLOl gene was 
detected. Upon Southern analysis, as shown in Fig. 3, a 
signal was also detected at a somewhat higher molecular 
weight than the fragment including Lg-FLOl, for both the 
flocculent strains and the non-f locculent strains when the 
Lg-FLOl N-terminal was used as the probe. Since this 
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signal was not detected by Southern analysis using the FLOl 
C-terminal portion as the probe, it was assumed to be the 
fragment containing the analogue gene. 

The results to this point suggested that the ORF (Open 
Reading Frame) of the analogue gene has a slightly smaller 
molecular weight than Lg-FLOl and has the same sequence 
as the Lg-FLOl N-terminus, while its C-terminal portion 
differs from Lg-FLOl. In addition, data from Southern 
analysis not shown here confirmed that the analogue gene 
also has a site in common with Lg-FLOl further upstream 
from the promoter region situated upstream from the 
N-terminal portion . 

The total length of the analogue gene was obtained 
by inverse-PCR using the sequence- further upstream from 
the Lg-FLOl promoter region as the primer. Fig. 4 shows 
a siimmary of the inverse-PCR procedure. 

The two primers 
5 ' -ACTAGAATTTAGGCACTTTCAACCCAGCCC-3 ' { SEQ . ID . No . 1 5 ) and 
5'-GCTGCAACCGGAAGTTATTCCTTCTCCACT-3' (SEQ. ID. No. 16) 
were synthesized based on the Lg-FLOl promoter region base 
sequence reported by Kobayashi et a'l . (Japanese Patent 
Application Laid-Open Gazette No. HEI. 9-224 67 6) . A 20 pg 
amount of total DNA of the non-f locculent bottom-fermenting 
yeasts shown in Table 2 was digested with 300 units of 
restriction enzyme Hindlll (Takara Shuzo Co., Ltd.), 
recovered by ethanol precipitation and then dissolved in 
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30 |iL of TE buffer solution, after which a DNA ligation 
kit (Takara Shuzo Co., Ltd.) was used for self circular 
closure of the DNA fragments on a 30 scale. Nos, 1-16 
in Table 2 correspond to the lane numbers in Fig. 8. 



Table 2 



Name of strain 


Flocculating 


Name of strain 


(bottom- 


property 


(wild yeast) 


fermenting yeast) 


evaluation 




1: NCYC965 


FO 


11: Saccharomyces cerevisiae 


2: NCYC1324 


FO 


(ATCC 46967) 


3: W204 


FO 


12 : Saccharomyces 


4: W71 


FX 


diastaticus 


5: AJL312 6 


Fl 


13: Pichia (IFO 0035) 


6: NCYC512 


F2 


14: Saccharomyces bayanus 


7: NCYC719 


F2 


(IFO 0676) 


8: NCYC1250 


F2 


15: Candida albicans 


9: VLB202 


F2 


(ATCC 10259) 


10: VLB He Bru 


F2 


16: Saccharomyces uvarum 






(ATCC 44968) 



The expected result is formation of a circular 
molecule with the Hindlll-digested sites linked, as shown 
in Fig. 4. The reaction product was recovered by ethanol 
precipitation, and approximately 10 p.g thereof was used 
as a template for inverse-PCR with the aforementioned 
primers, using an LA-PCR kit (Takara Shuzo Co. , Ltd. ) . The 
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PGR conditions were 94 °C for 1 minute followed by 98 °C for 
20 seconds and 68 °C for 10 minutes, repeated for 30 cycles. 
The obtained PGR product was subjected to electrophoresis 
using 1% agarose gel, and as a result the approximately 
9.4 kb amplified fragment shown in Fig. 5 was observed. 
The PGR for the Hindlll cleavage fragments containing the 
Lg-FLOl genes from the flocculent strains was carried out 
according to the procedure of Kobayashi et al . (Japanese 
Patent Application Laid-Open Gazette No. HEI . 8-266287) . 

Next, a restriction enzyme map was prepared for the 
approximately 9.4 kb amplified fragment. The prepared 
restriction enzyme map is shown in Fig. 6. The 2 . 9 kb and 
0 . 6 kb fragments cut with Kpnl and Hindlll were cloned using 
a Perfectly Blunt Cloning Kit (NovagenCo., Inc.), and used 
for base sequence determination. Also, a Kilosequence 
Deletion Kit (Takara Shuzo Co., Ltd.) was used to prepare 
deletion mutants according to the included protocol. The 
base sequence was determined with a DNA Sequencer (Applied 
Biosystems, Inc.) using a dRhodamine Terminator Cycle 
Sequence FS Ready Reaction Kit (Applied Biosystems, Inc.). 
Upon determining the partial base sequences at a total of 
six locations, all of the sequences matched for the most 
part with sequences further downstream than 21340 bp from 
the left telomere end of chromosome IX of Saccharomyces 
cerevisiae, i.e. 21340-21818 bp (SEQ. ID. No.l), 
21743-22190 bp (SEQ. ID. No. 2), 22353-22865 bp (SEQ. ID. 
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No. 3) , 22926-23398 bp (SEQ. ID. No.4) , 23944-24219 bp (SEQ. 
ID. No. 5) and 24408-24997 bp (SEQ. ID. No. 6) . Each of these 
sequences differs in about 1-20 bases when compared with 
the base sequence of chromosome IX of Saccharomyces 
cerevisiae found in the data base, but the differences are 
believed to be due to genetic polymorphisms between the 
yeast strains or errors in determining the base sequences, 
and the genes are substantially identical. 

These results demonstrated that the Lg-FLOl analogue 
gene is a fused gene of the Lg-FLOl gene and a portion of 
chromosome IX of Saccharomyces cerevisiae. This portion 
of chromosome IX includes a gene designated as YIL169c (a 
gene analogous with the glucan 1 , 4-alpha-glucosidase gene 
and having an unknown function) , and it is conjectured that 
most of the YIL169c gene is present at the C-terminal end 
of the analogue gene, as shown in Fig. 7. 
Example 2 

(Utilizing Lg-FLOl analogue gene to differentiate 
bottom- fermenting yeast) 

A portion of the Lg-FLOl analogue gene obtained in 
Example 1 was amplified by PGR for differentiation between 
bottom- fermenting yeast and wild yeast. The primers used 
for the PGR were sequences on the N-terminal portion of 
the Lg-FLOl gene and a portion of the YIL169c gene included 
in the analogue gene. Specifically, the two primers 
5'-GGAATACTGCCTCTTGGAGT-3' (SEQ. ID. No. 7) and 
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5'-GGATTCTTCAGCGTTGAAGT-3' (SEQ. ID. No. 8) were 
synthesized. These primers were used for PGR using the 
yeast total DNA as the template, in the same manner as 
Comparative Example 1. As shown in Fig. 8, this method 
allows differentiation even between bottom-fermenting 
yeast that has lost its flocculating property and wild 
yeast. 
Example 3 

The base sequence of the common portion of Lg-FLOl 
and the aforementioned analogue gene was used for 
differentiation between bottom-fermenting yeasts and wild 
yeasts. The yeasts which were differentiated are shown in 
Table 3 . Nos . 1-16 in Table 3 correspond to the lane numbers 
in Fig. 9. 
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Table 3 



Name of strain 


Flocculating 


Name of strain 


(bottom- 


property 


(wild yeast) 


fermenting yeast) 


evaluation 




1: NCYC965 


FO 


11: Saccharomyces cerevisiae 


2: NCYC1324 


FO 


(ATCC 46967) 


3: W204 


FO 


12: Saccharomyces 


4 : W71 


Fl 


diastaticus 


5: AJL312 6 


Fl 


13: Pichia (IFO 0035) 


6: NCYC512 


F2 


14: Saccharomyces bayanus 


7: NCYC719 


F2 


(IFO 0676) 


8: NCYC1250 


F2 


15: Candida albicans 


9: VLB2 02 


F2 


(ATCC 10259) 


10: VLB He Bru 


F2 


16: Saccharomyces uvarum 






(ATCC 44968) 



The sequences 5 ' -AACGTAGCATCAGGAAGTACACAAGCATGC-3 ' 
( SEQ . ID . No - 9 ) and 5 ' -GATCGGGTAATAGTAACCGGCGTACATGTA- 3 ' 
(SEQ. ID. No. 10) were synthesized as primers for PGR. This 
set of primers was used for PGR using the yeast total DNA 
as the template, in the same manner as Comparative Example 
1. As shown in Fig. 9, it was possible to differentiate 
all of the bottom-fermenting yeasts from the wild yeasts 
in this case as well, regardless of the strength of the 
flocculating property. 

28- 
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As explained above, the method of differentiating 
bottom- fermenting yeast and wild yeast according to the 

invention provides a method of highly accurate 
differentiation between bottom-fermenting yeast and wild 
yeast . 

From the invention thus described, it will be obvious 
that the embodiments of the invention may be varied in many 
ways . Such variations are not to be regarded as a departure 
from the spirit and scope 'of the invention, and all such 

modifications as would be obvious to one skilled in the 
art are intended for inclusion within the scope of the 
following claims. 



